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0. Executive summary 
This document describes a Sensor Web Tutorial and Guide that has been developed 
within the ConnectinGEO project to strengthen the adoption of interoperable standards 
such as the Sensor Web technology. It provides an introduction into the relevant standards 
and the related technology. The tutorial relies on exemplary scenarios to illustrate the 
different standards and the corresponding approaches how to apply Sensor Web 
technology. These approaches, which were evaluated as part of ConnectinGEO comprise: 
 In-situ data for solar irradiance (in cooperation with Mines Paris Tech) 
 Weather data collected by a Sensor Web testbed set-up and maintained by 
52°North 
 In-situ data collected by mobile sensors as part of the enviroCar platform (e.g. data 
about fuel consumption of cars) 
 Stationary remote sensors (crowd-sources photographs of the FotoQuest platform 
in cooperation with IIASA) 
Within the tutorial especially the following topics are introduced: 
 An introduction into the concept of Spatial Data Infrastructures and the Sensor 
Web 
 The OGC Sensor Model Language (SensorML) as a means for providing metadata 
about measurement processes. 
 The ISO/OGC Observations and Measurements (O&M) standard for modelling and 
encoding observation data. 
 Fundamental OGC service interfaces for accessing observation data (OGC Sensor 
Observation Service) and controlling sensors (OGC Sensor Planning Service) 
 Practical guidance on how to design Sensor Web systems including a hand-on part 
based on a dedicated Docker image of the 52°North SOS. 
 A short introduction into typical SOS client applications. 
 Information about the relationship between Sensor Web and Internet of Things 
technologies. 
In summary, the presented tutorial offers a comprehensive guide for readers that are 
interested to share their observation data in an open and interoperable manner. 
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2. Introduction 
 
This deliverable is based on the tutorial that has been developed within the ConnectinGEO 
project in order to lower the hurdle to create interoperable solutions using Sensor Web 
technology https://52north.github.io/sensor-web-tutorial/01_sdis-and-swe.html. It gives an 
overview on the relevant standards and the related technology. In order to give the users a 
jump-start, it uses exemplary scenarios to illustrate the different approaches.  
 
The OGC Sensor Web Enablement (SWE) Framework offers open standards for sensor 
data encoding and exchange as well as several Web services to homogeneously access 
sensor data from heterogeneous sensors. Within this Best Practice Guide, the central 
components of the SWE framework are introduced to provide basic knowledge on how to 
use them. 
 
D7.2 provides an overview of the tutorial based on texts and screenshots from the tutorial 
website. 
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3. Standards overview 
This section of the tutorial guides the user through several standards that help to 
overcome issues of data heterogeneity, particularly when dealing with in-situ sensors. 
3.1. SDIs and the Sensor Web 
A Spatial Data Infrastructure denotes a collection of technologies, policies and institutional 
arrangements to serve as a basis for discovery, access and processing of geospatial data 
(Global Spatial Data Infrastructure Association, 2012). It comprises standards, 
specifications and agreements to ensure interoperability and better access to spatial data. 
Some examples are the EU Initiative INSPIRE (Infrastructure for Spatial Information in the 
European Community) or GEOSS (Global Earth Observation System of Systems). 
 
SWE is an acronym for Sensor Web Enablement and comprises standardized formats and 
Web service interfaces in the fields of sensor data (Bröring et al, 2011 a). Since 2003, the 
standardization organisation the Open Geospatial Consortium (OGC) follows the vision to 
make heterogeneous sensor data (such as remote satellite / airborne imaging data, in-situ 
monitoring sensors or even virtual computations) available for discovery, access and use 
via interoperable formats and Web services. 
3.2. Sensor Web Overview 
Within this section, several base components of the SWE framework are denoted and 
shortly described. 
 
 
 
H2020 Project Nr: 641538. Project start date: 01 Feb 2015  
Acronym: ConnectinGEO  
Project title: Coordinating an Observation Network of Networks EnCompassing saTellite and IN-situ to fill the Gaps in European 
Observations  
Theme: SC5-18a-2014. Coordinating European Observation Networks to reinforce the knowledge base for climate, natural resources 
and raw materials 
 
 
 
3.3. SensorML 
Sensors in general can be classified into the following categories: stationary, mobile, in-
situ and remote. Sensors can be installed at a fixed location (stationary) or be mounted on 
a mobile device to operate in arbitrary locations. In-situ and remote indicate, whether the 
sensor performs the measurement using local input from within its direct environment (in-
situ) or computes measurements for non-local data (remote). In addition, the process, how 
sensors collect and/or compute data, may vary dramatically from use case to use case. In 
consequence, a common generic way to describe sensor instances is necessary. To 
satisfy these various requirements, the OGC developed the Sensor Model Language 
(SensorML) standard, which can be retrieved as version 2.0 from the URL: 
 
http://www.opengeospatial.org/standards/sensorml  
 
Within the SWE framework, SensorML plays an important role when exchanging metadata 
about sensors themselves. It represents a uniform description format to describe relevant 
sensor metadata such as calibration parameters, input/output as well as location 
definitions, pre- or post-measurement actions/transformations or any other information, 
which is necessary to correctly interpret and process observations (OGC 2011). Within this 
scope, a sensor is denoted as a process, which may be a physical or virtual component 
transforming dedicated input data to one or more outputs via a certain 
transformation/method. For each degree of complexity, SensorML provides means to 
describe the whole process metadata in an interoperable way. 
 
More information at: https://52north.github.io/sensor-web-tutorial/03_sensorml.html  
3.4. Observations & Measurements 
An observation is a composed object providing relevant observation details. In 
consequence, an observation belongs to a procedure that measured a certain 
observedProperty at a dedicated featureOfInterest for a certain phenomenonTime and 
stores a result. The property resultQuality indicates the quality of the measured result, as 
each measurement is faulty to a certain extent by nature. 
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The following figure presents an overview of the components of an observation: 
 
Based on this generic concept, observations are categorized according to their result type. 
They may be distinguished in discrete and continuous observation. An observation is 
discrete, when the result represents a spatio-temporal invariant value and applies to the 
whole area of the referenced featureOfInterest. The possible observation types and their 
content/result types are illustrated in the below figure. In contrast, a continuous 
observation measures an observableProperty that may vary in time or for the whole area 
of a certain featureOfInterest. In that case, the result is not represented by a single value, 
but by a coverage. To model the coverage, distinct sub-geometries are defined to 
discretise the whole area of the associated feature. In consequence, a single coverage 
consists of multiple entries, one per sub-geometry and/or timestamp. 
 
The following figure represents the standardized coverage observation types according to 
the O&M standard (Cox 2013) in a simplified way. Considering the discretization of an 
area-based featureOfInterest, the standard introduces two distinct declarations. The whole 
featureOfInterest as a single object (a spatially distributed entity) is denoted as ultimate 
feature, whereas each sub-geometry resulting from the discretization process is denoted 
as a sampling feature. Hence, each concrete measurement value of a coverage 
observation refers to a sampling feature. 
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Some examples are given in https://52north.github.io/sensor-web-tutorial/04_o-and-m.html  
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4. Web Services 
4.1. Introduction 
The OGC Sensor Observation Service (SOS) is a Web Service that allows users to 
request observations and associated metadata of sensors. Within the context of the SWE 
framework, the SOS represents the core service to access sensor data in an interoperable 
and standardized manner. The service specification defines several mandatory as well as 
some optional operations. With regard to the core operations (GetCapabilities, 
DescribeSensor, GetObservation), a description, the service interface (request 
parameters) and an example is presented. For most optional operations, only a description 
of the method as well as the request parameters is included. Most of the subsequent 
information was extracted from the SOS 2.0 standard specification (OGC 2012). 
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4.2. Setting-Up an SOS Server 
Within this section, concrete recommendations on how to setup a SOS server are given. 
To offer sensor data in a standardized and interoperable way, an implementation of a SOS 
according to the OGC specification has to be deployed on a Web server. The 
implementation itself hereby has to consider several key aspects. First of all, an 
appropriate data source tier is required in order to persist, manage and retrieve sensor 
data. Second, a suitable implementation of the core SOS functionalities must be provided. 
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4.3. Sensor Web Client Software 
Another important aspect of SWE is to visualize and analyse observation data. In this 
context relevant data is often denoted as time series data to indicate the temporal variety 
of observed phenomena, which shall be perceived using applicable graphs and diagrams. 
In addition, certain data might be visualized on an interactive map enabling users to click 
on those objects and trigger certain tasks. Within this section, information about sensor 
web clients are provided, starting with an overview of different architectural concepts. 
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5. Sensor Web and the Internet of Things 
The keywords Internet of Things and Web of Things denote current approaches to bring 
smart devices into the Web. In the context of the Sensor Web, such smart devices can be 
sensors that measure or compute certain phenomena and bring the results into the Web. 
From a technological perspective, this means that the smart device (e.g. a sensor) is 
accessible via a unique URL identifier and its functionalities (e.g. observation results) 
addressable via standard HTTP operations (GET, POST, PUT, etc.), thus realizing a 
RESTful access to sensor data (Bröring et al, 2011 a). This section intends to give an 
overview of how the Web of Things approach can be linked to the SWE 
framework/infrastructure. According to Bröring et al. (2011 b), a smart device may respond 
to data requests with formats standardized by SWE. To be precise, metadata about the 
sensor itself should be encoded via SensorML and observation data as O&M. With this 
format restrictions, any other application/component may retrieve the sensor data of the 
smart device in an interoperable standardized manner. 
 
However, considering the access to sensor data, SWE’s goal is to standardize the query 
interface as well as other services (like tasking, subscribing) through dedicated Web 
Services (SOS, SPS, SES). As a smart device, each individual sensor may offer RESTful 
access to its sensor data, but this service interface may not conform to the service 
interface specified/standardized by SWE. For this reason, the OGC specified the 
SensorThings API to access data from smart sensors in an interoperable way (Liang et al, 
2016). The SensorThings API is part of SWE and bases on the data model of O&M. 
Basically, it can be considered as a lightweight SWE profile designed specifically for 
resource-restricted smart devices. The keyword lightweight indicates that in contrast to 
other SWE services like SOS or SPS, the SensorThings API may simplify the connections 
between devices-to-devices and devices-to-applications through usage of efficient REST 
binding including a reduced JSON encoding and the MQTT protocol for sensor access. 
Liang et al. stress that the classical SWE services are too heavyweight for combination 
with smart sensors. But they also highlight, that the complexity of SOS, SPS and SES are 
well justified for more complex use case scenarios, where the Web of Things approach is 
not applicable. Overall, the following table compares the SensorThings API to the SOS. 
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Overall, the SensorThings API may be facilitated to connect to heterogeneous single smart 
sensors using a homogeneous standardized RESTful interface. However, this Web of 
Things approach is only applicable for simple and concrete use cases. Considering more 
complex scenarios like disaster management, where sensor data from various sensors is 
required for a composed analyzation, the Web of Things approach may not be applicable 
(Bröring et al, 2011 b). 
 
In conclusion, SWE and the Web of Things show potential to be combined. Smart sensors 
can encode their data using standardized SWE formats (Bröring et al., 2011 b) and their 
data can be offered through the standardized SWE SensorThings API (Liang et al., 2016). 
Especially for simple use cases, where the full functionality on data ﬁltering, sensor 
discovery, tasking and event handling, as provided by classical SWE services (SOS, SPS, 
SES), are not required, the Web of Things approach can be facilitated to provide access to 
the sensor data of the smart sensor. However, with regard to complex scenarios, the Web 
of things approach might not be applicable, as highlighted by Bröring et al. (2011 a) and 
Liang et al. (2016). 
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